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The mixed-lymphocyte reaction (MLR) was used to test the 
protective capacity of several sunscreens against UVB-
radiation - induced suppression of the immune response. The 
MLR was performed using stimulator cells that had been 
exposed to 120 mJ/cm2 0f an UVB source, whereas in simul-
taneous experiments a sunscreen-covered piece of quartz 
glass was placed in between the light source and the culture 
dish. The MLR response after UVB radiation was signifi-
cantly decreased in comparison with the MLR response of 
T he increased incidence of skin cancer during the last decades is related to increased sunlight exposure. Mostly this is due to changing recreational and cloth-ing habits. [1]. Moreover, short-wave ultravioletradia-tion (UVB) could reach the earth more easily because 
of the recent attenuation of the stratospheric ozone layer. This UVB 
fraction is thought to be primarily responsible for the induction of 
(non-melanoma) skin cancer [2]. 
Sunscreens are the most frequently applied protective agents 
against UV-induced damage to the skin . The effectiveness of sun-
screens is usually judged by their abi lity to delay the development of 
erythema. The minimal erythematous dose (MED) cannot be as-
sumed to be the only method or the most accurate one to define the 
long-term adverse effects of sunlight. The effects of sunscreens on 
biologic responses other than erythema should be examined as well. 
UV-light-induced suppression of the immune response plays a 
pivotal role in the development of skin carcinomas [3 - 6] and leads 
to a decreased reactivity against highly immunogenic skin cancers 
[7,8]. Several reports suggest that sunscreens do not [9 - 11] or only 
partially [12] prevent this UV-radiation-induced damage to im-
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Abbreviations: 
CC: contralum ultra cream 
CE: contralul11 ultra emulsion 
IL: ilrido plus 
MED: minimal erythematous dose 
MLR: mixed-Iymphocytc-rcaction 
PBMC: peripheral blood niononuclear cells 
SPF: sun protection factor 
non-radiated cells. This UV effect was partly inhibited by the 
tested sunscreens, whereas their vehicles alone showed 
hardly any effect. The protective capacity of sunscreens with 
similar protection factors, which were determined using the 
minimal erythematous dose (MED), showed a significant 
variation. These results suggest that the MED is not an accu-
rate method to determine protection against UV -induced 
immunologic damage.] Invest DermatoI95:313-316, 1990 
mune surveillance, although no profound investigations have been 
published. 
We report here a simple reproducible assay that can be used to test 
the effect of different sunscreens on UV -induced suppression of the 
cellular immune response. 
MATERIALS AND METHODS 
Sunscreens The sunscreening agents that were tested contained 
4-tertiary butyl-4' -methoxy-dibenzoyl-methane (Parsol 1789) 
(contralum ultra emulsion, CE), 4-isopropyldib,enzoyl-methane 
(Eusolex 8020) plus 3-(4' -methyl-benzylidene)-camphor (Eusolex 
6300) (contt·alum ultra cream, Ce) and Parsol 1789 plus Eusolex 
6300 (Ilrido Plus, IL), all in conjunction with 2-phenylbenzi-
midazole-S-sulfonic acid, sodium salt (Eusolex 232). Identical 
experiments using only the vehicles were done as controls. The 
Sl1l1 protection factors (SPF) of the sunscreens were as follows. 
For CE and CC, the SPF for UVA was 7, and for UVB 10. For 
IL, the SPF for UV A was 6, and for UVB 6. The ingredients 
were kindly- provided by Hennal, Kurt Herrmann, Reinbek, 
Germany. 
A Lambda 3 UV jVIS spectrophotometer (Perkin-Elmer and Co, 
GMBH, Ueberlingen, West Germany) was used to determine the 
absorption spectra of CE, CC, IL, and their vehicles. 
Light Source The light source was a Sylvania UV-6, consisting 
of 6 Sylvania F20jT21 tubes (Philips, West Germany) with a 
wavelength range from 290 to 345 nm, a major peak at 312 nm, and 
65% of the total energy within the UVE range. Using an IL 700 
spectoradiometer (International Light Inc., Newburyport, MA) 
with a cosine-corrected SEE 400 detector and a WBS 320 filter and 
measured at 33 cm distance, the output of the light source was 
310),lWjcm2 . 
Mixed-Lymphocyte Reaction Peripheral blood mononuclear 
cells (PEMe) were obtained from heparinized blood by Ficoll-Iso-
paque gradient centrifugation, and mixed cultures of PBMC from 
two different donors were set up in V-bottomed microtiter well s. 
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Figure 1. Schematic representation of the test procedure. 55, sunscreen; 
55-, vehicle alone; MLR, mixed-lymphocyte reaction. 
The cultures, which consisted of5 X 104 2000 rad Cobalt irradiated 
stimulator cells and 5 X 104 responder cells in a total volume of 
100,111, were then incubated for 144 h in a humidified 5% CO2 
atmosphere at 37"C. In a one-way MLR, the stimulator cells are 
irradiated to prevent proliferation of these cells after recognition of 
the responder cells. Eighteen hours before harvesting, each culture 
was pulsed with 1 ,uCi of tritiated thymidine, [3H)TdR. After wash-
ing, cells were collected with a MASH II automated cell harvester 
onto g lass fib er fil ters , and the amount of incorporated [3H)TdR was 
determined by liquid scintillation spectroscopy. All cultures were 
carried out in triplicate and the results were expressed as mean 
counts per minute (cpm) ± SD.. . . 
To determine the effect of UV light on cell proliferation, the 
stimulator cells were exposed to 10 min radiation of the light source 
at a distance of 33 cm, resulting in a UVB dose of 120 mJ/cm2, 
before incubation with the responder cells. In simultaneous experi-
ments a sunscreen-covered piece of quartz glass (0.1 mg/cm2) was 
placed in between the UVB source and the cell culture (Fig 1). 
Statistical analysis of the results was done USl11g the Wilcoxon-rank 
test. 
RESULTS 
The absorption spectra of the tested active agents showe.d a~sorp­
tion in the UVB range of the spectrum and some absorptIOn III the 
UV A range. The vehicles transmitted UV light of all UV wave-
lengths (Fig 2). 
A representative experiment is shown in Fig 3. It demonstrates 
that after UVB radiation the MLR response ofPBMC (column 1) IS 
significantly decreased in comparison with the MLR response of 
non-radiated PBMC (column 0). A piece of quartz g l~ss placed be-
tween the li ght source and the culture dish did not I11fluence tlus 
reduction (column 2). Colu mns 3,5, and 7 indicate that thereduc.tion 
was partly inhibited by the tested sunscreens, whereas their vehicles 
(columns 4, 6, and 8) had practically no effect. In Fig 4 the mean 
results of 25 experiments are shown. The protective effect of CC, 
IL. and CE (columns 3,5, and 7) was significantly greater than that of 
their vehicles (column5 4, 6, and 8) (CC and IL vs their vehicle, 
p < 0.005; CE and its vehicle. p < 0.05) . The efficacies of CC and 
IL did not differ significantly (CC vs IL; P = 0.07). However, both 
CC and IL d id differ significantly from CE in the inhibition of 
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Figure 2. Absorption spectra of the tested sunscreens (CC, IL, and CE) an~ 
their vehicles (CC-. IL-. and CEo). 
UVB-induced suppression of the MLR response (CC vs CE, P '\ 
0.0005; IL vs CE, P < 0.05). 
DISCUSSION 
In this study the protective effect of several sunscreens 011 the U \TB,. 
induced suppression of the mixed-lymphocyte reaction (MLR) \ 
examined. The reactivity of the MLR is a measure of alloactivatio~ 
and correlates very well with the in vivo immune response agaiJlS\ 
allografts (13) . Therefore, this essay was used as a model systell\ 
Earlier in vitro studies showed that after UV exposure both murin~ 
and human lymphoid ce lls are rendered incapable to serve as alia" 
geneic stimulators in a mixed lymphocyte reaction [14 -16). nor ~ 
they then present haften to antigen-reactive cells in an in vi 
proliferative assay [17 . The results of our study confirm this inhibi\ 
tory effect and show that the sunscreens that were tested partiall)\ 
prevented the detrimental effect of UVB on the proliferative assa '\ 
o No sUnscretll 
Em SUnser •• n 
~ Vehlcl. 
7 
Figure 3_ 3H-thymidine incorporation in MLR with the various sunscree 
and thei r vehicles in the test procedure as represented in Fig 1. CO/llilltl 0, n~ , 
UV radiation; CO/WHIIS 1- 9, after (120 mJ/cm2) UVB-radiation (CO/U III IIS I 
and 9 without and co/llmilS 2 - 8 with a piece of quartz in between the light! 
source and the culture dish; COltllllll 3 with ee. co/"nlll 5 with IL. CO/UIII II ' 
with CE and COltllllllS 4, 6, and 8 with the corresponding vehicles). ColJlln ll 
represents the responder cells without stimulator cells. 
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Figure 4. Mean of25 experiments srudying 3H-thymidine incorporation in 
MLR with various sunscreens and their vehicles alone. The control (the 
MLR response without UV radiation) is 100%. C O/III11I1S 1-8 are after (120 
mJ/cm2) UVB radiation, CO/1I1111lS 2-8 with a piecc of quartz in between the 
light source and the culture dish , CO/1I11111 3 with CC, CO /1I11111 5 with IL, COhl llll1 
7 with CE, and CO/III11 I1S 4, 6 and 8 with the corresponding vehicles. The bars 
in each lane represent the mean valuc of the results. 
This effect was not obtained by their vehicles alone. Moreover, 
sunscreens with simil ar sun protection factors (SPF), as determined 
by the minimal erythematous dose (MED), were shown to vary 
significantly in their protection capacities with regard to the im-
mune response. Work done on non-mel anoma skin cancer in ani-
mals s u ggests that the action spectrum for experimental ultraviolet 
photOcarcinogenes is is generally similar to that for erythema ([18J 
and reviewed in [19]) . Such an actio n spectrum for human skin 
carcinogenesis has not been defined. Our finding that sunscree ns 
with similar protection factors have a different efficacy in the pre-
vention of UVB-induced suppression of the immune response in 
vi tro raises the question of w hether the action spectrum for UV 
erythema in human sk in is an adequate approximation for human 
ski n carcinogenesis. It is gene rally assumed that UV induces sk in 
cancer and decreases th e ab ility of the immune system to remove 
UV -induced cancer [6 - 8]. De Fabo and Kripke have clearly shown 
that this suppression of tumor rejection is due to UVB [20]. The 
absorption spectra of the sunscreens show m ost of the absorbed UV 
light to be located in the UVB range (290 to 320 nm) . This suggests 
tha r rhe wavelengths responsible for reduction of the MLR response 
in rhis study are in the UVB range. This is in agreement with others 
who have shown that UVB is the active waveband for inducing 
im mune suppression [21,22] . The tested sunscreens show obvious 
di ffe re nces in UVA absorption (Fig 2). To excl ude th e role ofUVA 
in this respect, simil ar stud ies to those described earl ier in this paper 
were performed, this time pl acing a piece of plastic (which inhibits 
rhe rransmiss io n ofuVB but not UVA) in between the lig ht source 
and rhe cu lture dish. In this settin g no detrimental effecr of UV 
radia rion was observed (dara nor shown), indicating that UVA is nor 
respo nsible for the decrease in the immune response in these short-
term experiments. Nevertheless, a long-term effect of UVA cannot 
be excluded. It is of the utmost importance to determine the action 
spectrum for the MLR, as this probably correlates m ore accurate ly 
wi th immune surveillance in human sk in than the action spectrum 
of UV erythema. To determine the MLR action spectrum, similar 
experiments to those described in this paper are in progress, using 
monochromatic li ght of various wavelengths, in the UVB as well as 
in rhe UV A range. 
In summary, we developed a technique in which the mixed-
lymphocyte reaction was used to test three sunscreens' protective 
effect against UVB radiation - induced suppression of the 
im mune response. The m ethod allows the screening of several sun-
screens in a rel atively short time period. In this study, UVB radia-
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tion strongly reduced the MLR; this was partly abrogated by sun-
screens. Sunscreens with simi lar SPF values had a different 
efficiency in the prevention of UVB-induced decrease of the im-
mune response. 
It is likely that a sunscreen spread on a piece of quartz g lass does 
not exh ibit the same physical and chemical properties as sunscreens 
spread on skin . Interaction between the sunscreen and skin proteins 
mi g ht have a significant effect 011 its photoprotective properties. 
Therefore, a corre lation of these in vitro findings with the in vivo 
situation in man is currently under investigation. 
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